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SUMMARY

Puring clearcut fopeing, complete semoval of the Torest canopy and the shade it provid
ver srnadt stpcams can couse large increases i water temperature. Such ir;cn:a;c;‘; in 1&!21*6" ll C‘S
can b }?’E‘L?Vjﬁé’}tt?d if buffer strips of vegetation are left along the strepm Lo érévide shfdéé':[l"llﬁi
pUFposes of this paper are to define the characteristics of buffer strips that are ii;l. }a;rt" t in
rcguiut’mg the temperature of small streams and to describe a method éf‘deéigéing hui%‘fcr‘i::r'l?
aizgzz‘wféﬁ insure no change v stremm temperature as a resull of logging and, af tlw‘ same ,izh
mininize the amausi of commercial timber lelt in the strip. o same time,
) L{)mmcrci_zﬂ tisber volume alone is nol an smportant criferion for temperature confrol
3 m‘s‘ismy the wni%f‘\ of the bufler sirip is also not an impostant c;‘ite;‘ioﬁ F{’ar 1.i1‘se‘l;;1.mii 'ii'"m ;
stuthivd ms.;}:}.ﬂ of i?ais research, the maximum shading ability of the ax;c:rage bnf?eg sit'i:dz:??
reached within a widils of 80 feet. Specifying standard 100G~ to 200-foot buffer etriA g fl d§
streams 5;%1:&‘.&:1%%3/ will include more timber than necessary. The czmépy density qi(‘m ‘P{] Dl" (:t
of icoming solar radiation best describes the ability of the buffer strip v{@ c‘{m{rz% 1‘; PAI z
i:‘:};gwr.utuic. ;‘;‘ﬁ ;:stiz'uatc of’iiiis value can be obiained easily by forlésiers laying Oliilil]l:l[f;-gf”
‘mg,;ﬁ;;:“;::‘. ieid and will insure proper design of the buffer strip for c9niz{)l of stream

'
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BUFFER STRIPS FOR STREAM TEMPERATURE CONTROL

Jon R, Brazier P
Georpge W. Brown "_’

INTRODUCTION

The parposes of this research paper are {o define the characteristics of buffer strips that
are important in regulating the temperature of smalt stresms and o describe # method of
degigning buffer strips that will insure no change in temperatur and, at the same time,
minintize the amount of commercial timber il in the strip to provide the necessary shade.

fesearch shows that clearcut logging can increase significanily the temperature of small
streamns {5, 9, 11). Temperature incroases from 6 to as much @s 78 degrees F have been
reported. The magnitude of the increase is dependent upon stream charscteristics such as
discharge or flow, surlace area exposed to sundight, and amount of radiation receved from the
sun. Brown (3) showed that heat received by a siream exposed by clearouiting may be from
five 1o six times that received when the streaum was shaded.

Changes in {emperalure may influence fish habitat in several ways. As temperafure
increases, the ability of stream water (o liohd dissolved oxygen declines. Jupuatic pathiogens aiso
may Find warmes walar morg conducive to development. At exiremely high tempeatuies, fish
may be unabie to survive because their lethal mit s been reached. High temperature of the
water also may influence the wetabalic processes of fish and, although it may ot ceuss direct
mortality, it may adversely affect growth, developiment, and body eondition, Finally, water
temperalure may alter the species composition of @ stream as temperatures shift from ihe
optimum range for one species to the optimam range for ancther, The tmpact of these changes
in habitat on the productivity of a particular slream is ditficutt to predict because of the
interaction ol so many variables, Most standards for water quality, rowever, severely resirict
the amount of change in temperature permissible because of the many possible consequences.

Increases in the temperature of small streams can pe prevented during and after ogping
by lenving @ protective strip of vegetation afongside the strvam 1o provide shade. The efficiency
of this sttip is controlling water femperaturd has been demonstrated o several studies (5, 6,
1), Guidelines for the protection ol streams in logged watersheds have recommended buffer
strips for temperadurt canirol (7, 8, 10, 12). In one puide (7}, 2 standard width is specified.
This standardizalion results in utilization of ihe timber resource that is fess than optiwn by
creating bufter strips larger than necessary for temperatuie control. In other guides (8, 12},
variable widths are sugpested. Only generalized specifications are given, however.

STUDY SITES AND METHODS

Study Sites

Study sites were located on nine amadl mountain streams iy Oregon, Three streams, Little
Rock, Francis, and Reynalds Creeks, are in the Umpqua National Forest in the southern
Cascade Mountains, Five others, Deer, Lake, Grant, Griffith, and Savage Creeks are i (he
Siuslaw National Forest in the Coast fange. The remaining stream, Meedle Branch, is on fand
owned by Georgia Pacific Corporation in ihe Coast Range. p

The streams all flow through or are adjacent to clffreuttings. ARl have a strip of
vegetation that separates them from the clearcuttings. On Needls Brauch, the strip consists of
rod alder, which has grown up rapidly along the stream afier clearculting. Al are valuable for
fish production and havea potentially large problem of temperature.

Methods

Discharge,»siream travel time past the clearcutiing, surface area of the stream in the
clearcutting, and waier temperature above and below the clearcutting were measured.
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i ated ¥ as esfima i c device shown in Figure 1, This
5 i i 3 Sl b : : LE1S and abbreviated ACD, was estimated with the device she
dthe buffer strips were deseribed by the volume of commerdial timber in the strip, the density : ' :

instrument consists of a -foot-sguare plane mizror marked with a 3-inch grid. The mirror can

average sirip width, and lizg density of 1‘01-@%1‘.‘(;&;-;0}351 ("E‘able 1) Veiumg of commercial fimber be tilled so that the observer, looking dows vertically on the mivror, will sce the canopy along
was determined by convestional finber crulsing lechniques. Average steip width was measured a predetermined angle. The mirsor s canted to an angle equal to the complement of the
with a fape. Canopy density was measured along the path of incoming solar radiation rather 4t ) :

i i ¢ hi . . maximum angle of the sun for the time of year when the temperature prgblem is grgaicgi,
than vertically, as is done normally. This mensure of canopy densily, celled angular canopy generally July or August. This period will vary depending on streamflow regimes anil climate.

Usuaily, the highest temperatures ocour during the period with the lowest streamiiow,

Angular canopy density was measured at 100-foot intervals, The angular canopy
. R, densiometer was placed in the stream, pointed south, feveled, ang €;ch§ in the proper ;m‘g;ic‘
. @lo o B o e PR B Angular cancpy density then was determined by counting the number of squares and fractions
I et W /gy 4D P Pay ap WE ap G ool "
& E 3 o ot B B BB e s @ G of squares on the mirror covered by the canopy. This number was converied to percentage of
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Linear and nonlinear regression analyses were used to determine the buffer strip
characteristic that had the grestest effect in controlling etream femperature. The dependent
variable in each analysis was the heat blocked by the buffer strip. The heat blocked by the
strip (A7) was calcolated by two methods. One was based upon a tempersture prediction
formuls developed by Brown (4} and the other upon equitibrium temperature formulae
devetoped by Brady, Graves, and Geyer (1) Bofii methods utilize the concept that the
dilference between the observed change in temperalure and that predicted must be because of
the protective ability of the buffer strip. In other words, the strip fntercepts the quantity of
heat necessary (o raise the temperature of the water from the observed to the predicted levels,
The effecrivesess of the buffer strip increases as the amount of heat blocked (A increases,
Bretails for caleulating &4 are presented by Brazier (3},

RESULTSE

Comyuercial Tinber Yolume and Buffer Strip Efficiency

Hypothetically, there should be littie relation heiween commercial timber volume and
& This i3 because commercial timber volume alone has no relation to the shading ability of
the vegetation in the bufler strip. Species such as salmonberry have no commercial volume, but
are often excellent sources of shade for smali streams, In contrast, a sirip composed only of a
few large trees with a large commercial volume may have fittle protective ability because of
spacing. Eventually, on any given stream, as the commercial volume per foot of stream
increases, the spacing of the trees will decrease so that the strip will have a positive effect on
stream temperatures,

The relation between volume of commercial timber and efficiensy of the buffer strip i
dhestrated in Table 2 and Figure 2. One siream, Savage Creek, received no shade from the
comifers in the strip; they were on the north side of the stream. Linear regression analysis was
used to describe the relation between commercial timber volume and AH in Figure 2. The
Aypothetical limits are shown on this figure as the upper horizonial line, which indicates
maxirsum shading regardless of volume, and the tower curved line, which indicates some
minfmm shade level, Two sireams, noted by cireles, are not included in the analysis because
these streams were physiographically different from the other streams. Both streams lie in

Table 2. A Comparison of the Commercial volume of the
Buffer Strips in Conifers and the Percentage of shade
Contributed by the Conifers.

Commercial Shade

yolume in contributed

Strean conifers’ by conifers

Bd ft Parcent

idettle Rock 7,000 B7.5
Lower Reyrnolds 25,118 33.0
Upper Francis 187,885 79.2
Lowey Francis 'E}5r145 83.3
Lower Deey 138,830 25.0
Upper Grant 36,073 10.0
Lowiar Grant 36,073 10.0
Griffith 411,625 F4.2
Savage 194.980 G.0

"The other buffer strips were composed entirely of
havdwood and brushy species of vegetation.
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broad, flat valleys rather than Vshaped canyons, They ase inclluqed in Fﬂigl;ms iZ, i, agei:‘i- Q‘Q
itusteate the influence of topography on the amount of radiation :‘f:c.én.veci by streams™ On
these two streams, canyon walls do not help shade tie s;tr«ﬂffam 111‘%(1_‘3(1(3“'10112{? energy macljcs
the stream by side lighting. Thus, the energy bocked mi—!) ig less, Fhe analysis showed a poor
relation (R? = £.2661 between commercial volumie per foot of stream and AF,
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Figure 2. The observed relation belween budfer strip volume and beat blocked (AJF).
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Figure 3, The observed relation between buffer strip width {SW) and heat blocked (AH]
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Buffer Steip Width and Efficiency

Strip width, alone, should have Hitle to do with the abitity of the vegetation in the strip
fo shade the stream, Strip width s related to the effectivensss ol buller strips through a
complex interrelation of canopy dengdty, canopy height, stream width, and stream discharge,
Cnosmall streams such s those included in this study, the relation between AH and strip width
can be viewsd as ssymptotic. The guickness with which the relation appsoaches some
asympiols is & function of the type of vegetation contained in the strip. Vegetation such as
sulmonberry provides only 2 narrow band of shade along the stream because of its height.
Strips wider than this narrow section should not improve iu effectivensss. Trees generally have
cancpies of lower density than species such as salmonbernry and, thus, require more space 1o
provide the same shade,

The relation between strip width and efficiency is shown in Figure 3, Four seclions werg
omitted from the analysis: two because of channel shape and two because of difficultios in
defining precisely the strip width because of irregularity. Nonlinear regression analysis was
used o analyze this relation. The curve in Figure 3 was forced through the origin. The high
value of £, (0.874%) indicates that the curve is 8 good approximation of the relalion.

Angular Canopy Density and Buffer Strip Efficiency

The hypothetical relation belween AH and angular eanopy density, ACH, may be
considersd logistic in nature. Low cavopy <ensities, although reducing the solar radiation
wwident to the stream in direct proportion to the percentage of sky covered, do not provids
sufficient shade for the effect to be measurable. Thus, the value for AH s zero until some
megsurerment threshold iy reached,

Above this value, there should be a direct, linear relation between AH and ACD until the
canopy spproaches Tl closure. As the canopy density approaches 100 pevcent, additional

&

increments of density should block fess radintion l%i‘c!l’% the praﬁ\riou; incs’umcrz.t. ..E-h‘,s is -t‘)e;g“:‘m':su‘
a1 high canopy densities, the possibilily for reflection and absorption of the incident radistion
increases, which allows mostly diffuse radiation to reach ‘iiw siream. N

The level of this diffuse radiation is contreded Dy factors mh.{:; than canopy f:i‘cnssty,l ‘i'm:
vohume of vegeration in the canopy influences the :m‘lmm‘t pf Lransmission. f};\fc E%f:fku;_
canopies provided by conifers are more efficient traps of rudmtmn‘}han %%1§: !,hn-z ‘m.ne}?:u, e‘
nardwoods, even though the canopy dcns‘z(ies may be the same. Thus, with g’lc"ﬁluf,‘iml‘)}'
density, the relation between A and ACD should approach s asympioie QF,?,EL,\{-" wa‘
then complete biockage of incident radistion. Values of AH for UI'i’dlShI(bﬁvd: C;t}&g}[)!u‘, Jll’i, in E{han
pange from 3.0 to 3.6 British thermal unils per square foot per minute (BTU f02 mint p (300
This correspends with vahies ealeulated in this study, _ o N -

The relation between angular canopy density and A s s?mwn in ‘E‘rgs‘jrc 4, }wm streans
again are omitted ftem the analysis because of the surrounding Lazfr;{zlll: ﬁ‘i“.{)l_)klll'l?fs”\’:!l;]l ;_iu:
compuler programs prevented fitling a Jogistic curve (o the data. For this wrtasmln a ?i;as\% 1%; i;u:
approximation to the logistic curve was used, Segment A represents the A(,.B. “{W%‘i be ow 1 .1;.
measurement threshold fevel, which ocours af about {4 percent w1{%1 thiese L‘gzjiii. Tlsis point was
determined by the zero intereept of the linear r{:g‘ress'ion alial}c'SlS.l.!Scftj tegn‘ scgm‘mt‘i}. l_.%m:
segtment B is the section of increasing buffer-strip c%fe-:ctwqa.css with Inreasing AL ‘lbc _iim
fiis the data well with an R? value of 0.8939. Scgment Cis the area of maxisum profection.
The maximun value was determined from data on net radiation i-rom pmlgcimi_‘s_lz‘c:_zp'ls i
explained ubove. Once the maximum protection has been reached, incieases i ACD offer no
greater protection, _ ‘ ) o

The relation between angular canopy density and strip widih for all the streams studicd is
iMastrated in Figure 5. This fgure provides sddilional cvidmm;i that for small s'imams! RO
bulfer strips may be sufficient to provide stresm pr()%:cc%ien.‘ For tl_u': styeams 1}1@&!{](:{! in this
sludy, the maximum angular canopy density is reached within a width of B0 feet. Moreover,
90 percent of thal maximum is reached within 55 feet.
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Figure 5. The relation between buffer strip width and angular canopy density.
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Establishing Buffer Strips .

Bulter sirips can be designed easily witl: the resulis of this study so that no change in éhe
natueal temperature regime will oceur after lopging. and the volume of commercial timber left
i the strip wil be minimized. The procedure for faying ouf such & strip is as {ollows:

Place the angular canopy densiometer in the stream. Level if, poini the mirror
south, and £ i to the complement of the solar angle for July or August,

Look into the mirror and determine which trees and shvubs are providing shade
for the stream. Mark these for fnclusion in the sfrip.

Move to the next station and repeat the procedure. The distance between
staftons is a matrer of judgment, but should be no more than 100 feet. Fewes
stafions are required in uniform conditions of vegetation and fopography. In many
instances, the shade contribution of each free must be evaluated i1t 18 particulariy
valuable.

The bulterstrip boundaries determined by this method later can be modified to provide
protection from destruction of the stream bank or accumulation of debris in the channel if the

situation demands. A strip designed with the angular canopy densiometer probably should be
regarded as minimum for these purposes.

CONCLUSIONS

The results of this study lead to some interesting conclusions about designing buffer strips
far temperature control.

Cammercial timber volume alone s not an imporfant criterion for temperature
control. The effectiveness of buffer strips in controling temperature changes is
imdependent of timber volume.

Width of the buffer strip, slone, Is not an important eriterion for control of
stream femperature. For the streams in this study, the maximum shading ability of
the aversge strip was reached within a width of 88 feet; 90 percent of that maximum
was reachied within 55 feet. Specifving standard 100- to 200-foat bulfer sirips for all
streams, which usually assures protection, geperally will include more timber in the
strip than is necessary.

Angular canopy denstty s correlated well with stream-temperatuse control, it is
the only single criderion the forester can use that will assuré him adequate
terperature control for the stream without overdesigning the buffer strip.
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